. Chemical structures of (a) Decyltrimethoxysilane (DTMS), (b) Tridecafluoro-1,1,2,2-Tetrahydrooctyl-Triethoxy-Silane (FAS13), and (c) Heptadecafluoro-1,1,2,2-TetrahydrodecylTriethoxy-Silane (FAS17) Figure S3 . Schematic image of measuring equipment for frosting test.
Field emission scanning electron microscope (FE-SEM) images were taken using a FE-SEM (S-4700, Hitachi, Tokyo, Japan) with an accelerating voltage of 5 kV to characterize the surface nanotopography of the films. FE-SEM images of the coating surface shown in Figure S4 support the proof of smooth surface which could not be observed by FE-SEM. Film thickness distribution in macro-scale is shown in Figure S7 . The coating surface were coated on glass substrate uniformly. Transmittance in the spectral range from 300 to 1000 nm was measured by a spectrophotometer (UVmini-1240, Shimadzu, Kyoto, Japan). Total transmittance (T.T.), parallel transmittance (P.T.), diffusion (DIF) and haze values (HAZE) measurement were carried out using a haze meter (NDH-5000, Nippon Denshoku Industries, Japan) with a white light-emitting diode (5 V, 3 W) as an optical source ( Figure S5) The HAZE, which describes the amount of light scattering when the light passes through the films was calculated by dividing T.T and P.T. by DIF. Haze can be expressed by the following equation:
where , and are the optical values of haze, diffusion and total transmittance, . .
respectively. The solid surface energy was calculated with simultaneous equations which the polarity factors of water, formamide and hexadecane (Table S1 ) and contact angle of each liquid were substituted for equation (1). The polarity factors of solid surface were calculated by equation (1) -(3) ( Table S2 ). . Table S3 . The polarity factors of the coating surface modified by DTMS, FAS13, FAS17. Figure S10 . Thermographic images captured during the frosting test to measure surface temperature. These figures showed surface temperature on sample surface. These surface temperatures were almost same.
After 60 minutes from frosting test starts, the unit was heated to 10 ℃ to compare frost removal ability as shown in Figure S11 . the volume of one of the scattered droplet :
the volume of coalescent droplet :
Since, the volume of the scattered droplets and the coalescent droplet is the same.
the contact area between one of the scattered droplets and substrate : the contact area between coalescent droplet and substrate :
Here, in order to prove that is larger than , we prove the following equation.
To prove the following equation and to prove the above equation is synonymous. interfacial tension between ice nucleation and liquid, : ice nucleation radius of curvature, :
contact angle between ice nucleation and solid surface.
(S10) relates with the interfacial tensions between the three interfaces: nucleation-liquid, liquid-solid and solidliquid.
: Area of interface between ice nucleation and liquid phase : Area of interface between ice nucleation and solid phase (heterogeneous material)
: total surface energy of heterogeneous nucleation ∆
: volume of ice nucleation
: Free energy change (one ice nucleation) between liquid phase and solid phase ∆
(S15) is derived by substituting equation of and for (S6).
(S16) Figure S17 . The graph of which is strong factor of the nucleation free energy in the function ( ) of .
The hückel charge distribution was calculated by extended hückel method with ChemBio3D. In this study, hückel charge of alkyl chain and fluorocarbon were focused. Hückel charge of fluorocarbon was about ten times stronger than that of alkyl chain. We calculated hückel charge by extended hückel charge using ChemBio3D.
: molecular orbital : Normalized valence atomic orbital
Hamiltonian :
Coulomb integration of valence atomic orbital :
Exchange integration of valence atomic orbital :
It is derived secular equation by variational calculus.
Coulomb integration of valence atomic orbital :
In extended huckel method, , , are expressed as following equation.
Ionization potential energy : Figure S19 . The time-elapsed photographic images of coated surfaces during frosting test. These coated surfaces were fabricated by solutions of different molar ratio FAS and TEOS. We observed that the number of water droplets on the coated surface which was fabricated by the solution whose molar ratio of FAS : TEOS = 1:7 was smaller than those on other surfaces. A water droplet put on peltier element set at −8±1 °C for 20 min. The droplet volume is 5 µL.
